study was to investigate the factors with an impact on morbidity and mortality by evaluating the demographical characteristics, etiological factors and clinical characteristics of the patients diagnosed with mechanical bowel obstruction.
Materials and Methods
Data were evaluated retrospectively for 171 patients operated on with the diagnosis of acute mechanical bowel obstruction at the Department of Emergency Medicine, Dicle University Faculty of Medicine between 1 January 2001 and 31 December 2004. The information regarding age, gender, symptoms, vital signs, laboratory results, air-fluid level in both erect and supine abdominal x-ray, existing concomitant systemic diseases, time elapsed from the onset of symptoms to presentation at the emergency clinic, time elapsed from presentation to surgery, history of surgery, cause of mechanical bowel obstruction, presence of intestinal necrosis, complications that developed and the outcome were recorded on standard forms. Patients were excluded from the study if their information was incomplete or they were diagnosed as paralytic ileus and treated by non-surgical methods. The patients were classified into three groups. Group 1: The mortality group (n=21) who died as a result of systemic complications; Group 2: The morbidity group (n=55) who experienced either systemic or local complications (i.e., pulmonary, renal, cardiac, neurological complications, septicemia and surgical site infections); Group 3: The recovery group, consisting of patients discharged without developing complications (n=95). Statistical analysis was carried out for the patient groups in terms of age (≥55 years), gender (male/female), tachycardia (≥100 beats per minute), hypertension (systolic blood pressure ≥140 mmHg), hypotension (systolic blood pressure ≤90 mmHg), fever (≥38°C), leukocytosis (white blood cell ≥12000/mm 3 ) leukopenia (white blood cell ≤4000/mm 3 ), anemia (hematocrit ≤25%), hyponatremia (Na ≤135 mEq/L), hypernatremia (Na ≥145 mEq/L), hyperuremia (urea ≥100 mg/dL), hypercreatininemia (creatinine ≥3 mg/dL), late presentation (≥72 h after the onset of symptoms) and extended preoperative period (≥48 h after presentation at hospital).
Univariate analyses were performed for the risk factors that could have an impact on mortality and morbidity in Group 1 and Group 2. Multivariate analyses were carried out for the parameters established to be significant as a result of univariate analysis in terms of mortality. Univariate analyses were carried out with chi-square test for categorical variables, and with student's t test for continuous variables. The Backward Stepwise Wald Logistic Regression method was employed in multivariate analyses to establish the effect of several factors on morbidity or mortality, including laboratory results related to leukopenia or leukocytosis, anemia, hyperuremia, hypercreatininemia, and the presence of hypertension, or intestinal necrosis, or concomitant disease. Statistical significance was set at p<0.05.
Results
Of the 171 patients enrolled, the surgical interventions were performed by ostomy in 69.6% (n=119) and both resection and primary anastomosis in 30.4% (n=52). The overall mortality was observed in 12.3% (n=21) (Group 1) and morbidity was observed in 32.2% (n=55) (Group 2). The remaining 55.5% (n=95) of the patients (Group 3) recovered and were discharged without any complications. Of the patients, 119 (70%) were men, 52 (30%) were women, with a mean age of 66.0 years (age range: 14-86 years) in Group 1, 66.4 years (age range: 37-95 years) in Group 2 and 39.5 years (age range: 36-90 years) in Group 3. There were 47 (27.4%) patients who were aged ≥55 years. While gender was not established to be associated with mortality and morbidity, and older age was significantly associated with both mortality and morbidity. The patient groups with respect to gender and age are given in Table 1 . Of the patients, 79 (52.6%) had a concomitant disease, 39 (22.8%) had necrosis, 14 (8.2%) had more than one concomitant disease, 90 (52.6%) had presented late, 12 (7.0%) had hypotension, 40 (23.4%) had hypertension and 28 (16.4%) had tachycardia. Having a concomitant disease was established to be statistically significant in terms of mortality and morbidity. The presence of necrosis, hypotension or tachycardia was observed to have a significant impact on the mortality group but had no significance for the morbidity group. The presence of more than one concomitant disease, late presentation or hypertension had no impact on mortality but had significance in terms of morbidity. Of the patients, 81 (47.4%) had leukocytosis or leukopenia, 8 (4.7%) had anemia, 18 (10.5%) had hyperuremia and 9 (5.3%) had hypercreatininemia. Laboratory results and clinical features are summarized in Table 2 with respect to the groups. Having leukocytosis or leukopenia was established to be significantly associated with mortality and morbidity. On the other hand, anemia, hyperuremia and hypercreatininemia were significantly associated with mortality but not with morbidity. Presence of fever, hyponatremia, Table 1 . Clinical and demographic characteristics of patients with respect to groups hypernatremia, hypopotassemia or hyperpotassemia as well as airfluid level in upright plain abdominal x-ray, rebound tenderness, vomiting and extended preoperative period were not established to have a significant effect on morbidity or mortality (p>0.05).
Multivariate analyses by employing Backward-Wald logistic regression method were performed for older age, hypotension, tachycardia, leukocytosis or leukopenia, anemia, hyperuremia, hypercreatininemia, concomitant disease and necrosis, which were established to be associated significantly with mortality as a result of univariate statistical analyses; as well as for older age, hypertension, leukocytosis or leukopenia, concomitant disease, multiple concomitant disease and late presentation, which were established to be associated significantly with morbidity in the univariate statistical analyses. The data established to be significant with respect to mortality and morbidity are presented in Tables 3 and 4 .
The most common cause of mechanical bowel obstruction was established to be adhesion with 45.6% (n=78), followed by incarcerated hernia with 17.5% (n=30). Moreover, intra-abdominal malignant disease and adhesion were the leading causes of mortality with 61.9% and morbidity with 50.9% in patients with mechanical bowel obstruction, respectively. The causes of bowel obstruction according to the groups are given in Table 5 . Among all the patients, 105 (61.4%) had a history of one or more abdominal operations. While appendectomy was the most common type with 14.0% (n=24), colorectal surgery was in the second place with 9.4% (n=16). The third most common type was genitourinary surgery with 7.6% (n=13). The other previous surgeries were small bowel with %7 (n=12), hernia with 6.4% (n=11), hepatobliary with 5.3% (n=9), gastroduodenal with 4.1% (n=7), and multiple surgeries with 7.6% (n=13). While 55.5% of the patients were observed with no complications, 44.5% had developed at least one. The most common complications observed were those of the respiratory system (pneumonia, atelectasia, empyema, etc), noted in 15.8% of the patients. Cardiac complications such as dysrhythmias, myocardial infarction, heart failure, and shock were the second most common type, which were observed in 8.8% of the patients (Table 6 ). The common cause of mortality in patients with mechanical bowel obstruction resulted from multiple complications (i.e., cardiopulmonary failure).
Discussion
There is limited information regarding the factors that have an impact on morbidity and mortality in patients undergoing therapy due to acute mechanical bowel obstruction. Patient-related factors such as age, concomitant disease, necrosis of the bowels and delayed therapy were associated with mortality in previous studies (9) (10) (11) (12) . Fevank et al. (13) reported age to be the most significant factor in terms of death and complications. The study demonstrated that, while the rate of complications was 12.0% in patients under the age of 50 years, it was 23.0% for patients between 50 and 75 years of age, rising to 38% for those over the age of 75 years. Furthermore, a significant correlation was reported between age and concomitant disease; and 52.0% of the patients over the age of 75 years, 36.0% of the patients between the ages of 50 and 75 years, and 11.0% of the patients under the age of 50 years were observed with concomitant diseases. It has been reported that the rate of complications in patients with mechanical intestinal obstruction was 21.0% under the age of 50 years, 32.9% between the ages of 50 and 75 years, and 88.2% over the age of 75 years. The risk of complications was established to be 28 times higher in patients over the age of 75 years, as compared to that in younger patients. However, age was not established to have a significant impact on mortality (9) . In the present study, 88.7% of the patients with mortality and 16.4% of the patients with morbidity were over the age of 55 years; and 79.5% of the patients in that age group were observed with concomitant systemic diseases. Older age was established to be correlated with morbidity and mortality in this study, consistent with the results in the literature. We maintained that the elevated incidence of concomitant systemic diseases and complications developing secondary to those conditions, combined with poorer resistance mechanisms in older people, could be accountable for that result.
It has been reported that the presence of a concomitant disease increased the risk of complications by 1.7 times (13). Uludag et al. (9) stated that 48.0% of the patients in their study were established with one or more concomitant systemic disease; and that the patients with concomitant systemic diseases were 4.5 times more likely to develop complications. In this study, 85.7% of the mortality group and 69.1% of the morbidity group were observed with a concomitant systemic disease; and the impact of concomitant systemic disease on morbidity and mortality was established to be statistically significant. Table 4 . Risk factor analysis in terms of mortality Playfort et al. (10) pointed out the adverse effects of therapeutic delay in patients with mechanical bowel obstruction, and reported that the increase in time intervals from onset of symptoms to hospitalization, and in-hospital delay prior to surgery led to an increase in the rate of complications and death. It has been stated that therapeutic delay of over 24 h tripled the mortality risk (13). Uludag et al. (9) , however, did not establish the timing of therapy to be significantly associated with complications and mortality. The study on adhesive small bowel obstructions conducted by Tanhiphat et al. (14) compared patients operated on 48 h after hospitalization with patients operated on 12 h after hospitalization in terms of mortality, and reported that the difference was not significant. In the present study, 71.4% of the patients who died, 65.4% of the patients observed with complications and 52.6% of all patients had been hospitalized 72 h after the onset of symptoms. While the impact of delayed presentation was not established to have a significant impact on mortality, its impact on complications was noteworthy. No statistically significant differences were observed between the patients who had undergone surgical intervention within the first 48 h of hospitalization and after the first 48 h of hospitalization in terms of mortality and complications. This particular result may be attributable to the fact that the patients with severe symptoms underwent surgery without delay. Sinha et al. (15) indicated the presence of necrosis to be a significant factor in terms of developing complications. Uludag et al. (9) observed complications in 29.2% of the patients without necrosis and 63% of the patients with necrosis; and associated necrosis with a 13.2 times higher mortality risk. Deutsch et al. (16) reported mortality in 29.0% of the patients with necrosis and 13.0% of the patients without necrosis in their study carried out on 264 patients with small bowel obstruction. Fevank et al. (13) established the mortality rate to be 16.0% in patients with necrosis and 4.0% in patients without necrosis. In our series, morbidity and mortality rates were 12.3% and 32.2%, respectively. We established the presence of necrosis to be a significant factor in terms of mortality. Of the patients who died, 66.7% had necrosis; and both univariate and multivariate analyses revealed the impact of necrosis on mortality to be significant. Of the patients developing complications, 29.1% had necrosis, which was not established to be statistically significant. Our study also established the presence of hypotension, tachycardia, leukopenia/leukocytosis, anemia, hyperuremia or hypercreatininemia to have a significant effect on mortality. The presence of hypertension or leukocytosis/ leukopenia was established to be significant in terms of morbidity. Higher mortality rates may be attributed to the fact that, in general, the patients with the above mentioned parameters presented late, or had necrosis, were in poorer condition due to therapeutic delay and had started developing multi-organ dysfunction.
Characteristic
Fevang et al. (13) established the presence of necrosis in the bowels, history of abdominal surgery and therapeutic delay to be significant factors in terms of mortality in their multivariate analysis. Similarly, multivariate analyses performed in the study carried out by Ti and Yong indicated older age, concomitant disease, necrosis, large intestine obstruction and malignancy to be factors increasing mortality (17) . Margenthaler et al. (18) reported the factors increasing 30-day mortality rates to be history of disseminated cancer, advanced American Society of Anesthesiologists (ASA) class, preoperative hematocrit <38%, preoperative sodium >145 mEq/L, preoperative creatinine >1.2 mg/dL, contaminated/infected wound, dyspnea and older age. In the present study, multivariate analyses revealed tachycardia, leukocytosis/leukopenia, concomitant disease and necrosis to be associated with increased mortality, while hypertension, leukocytosis/leukopenia and concomitant disease were established to be significantly associated with increased morbidity. While the leading cause of mechanical bowel obstruction is adhesions in developed countries, it is incarcerated hernia in developing countries and eastern nations. As elective surgery for hernia is more commonly performed in areas with higher income and better educational standards, the incidence of incarcerated hernia is lower. Therefore, abdominal adhesions become the main reason as a result of the increased numbers of abdominal surgery (9, 19) . Mc Entee et al. (20) investigated the etiology of mechanical bowel obstruction in 228 patients and reported the etiological cause to be adhesions in 32.0%, while 26.0% was attributed to malignancies and 25.0% to incarcerated hernia. Chen et al. (12) (14) also reported appendectomy to be the most common abdominal surgery with 34.2%, followed by peptic ulcer and other abdominal operations in their study on adhesive small bowel obstruction with 266 cases. In the present study, we observed appendectomy to be the most common type of abdominal surgery with 14.0%, followed by colorectal surgery with 9.4%. Uludag et al. (9) carried out a study with 152 patients and established the most common complications to be systemic complications (15.8%), resulting from pulmonary, cardiac and renal causes. The second most common complication was wound site infections with 11.2%. Fevang et al. (13) observed cardiovascular and respiratory system complications to be those with the highest rate. Kaya et al. (6) reported wound infections as the leading type of postoperative complication, followed by sepsis, multi-organ dysfunction, postoperative ileus and pneumonia. Systemic complications had the highest rate in the present study. The respiratory system was in the first place with 15.8%, followed by the cardiovascular system with 8.8%. When we considered patients who developed complications, a pre-existing disease affecting the particular organ system, in which the complication occurred, was noted.
Conclusion
The present study revealed the most common cause of mechanical bowel obstruction to be adhesion; and older age as well as the presence of a concomitant disease, leukocytosis or leukopenia was established to be associated with higher mortality and morbidity rates. However, it is important to bear in mind that the causes and risk factors may vary over time and in different regions. Better understanding of the causes and risk factors of mechanical bowel obstruction will ensure the selection of the most appropriate therapeutic approach, which will decrease morbidity and mortality rates.
